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Abstract
Objective

To perform a simultaneous evaluation of potential risk/protective factors of Parkinson disease
(PD) to identify independent risk/protective factors, to assess interaction among factors, and to
determine whether identified risk factors predict etiologic subtypes of PD.

Methods

We designed a large case-control study assessing 31 protective/risk factors of PD, including
environmental and lifestyle factors, comorbid conditions, and drugs. The study enrolled 694
patients with PD and 640 healthy controls from 6 neurologic centers. Data were analyzed by
logistic regression models, additive interaction models, and cluster analysis.

Results

The simultaneous assessment of 31 putative risk/protective factors of PD showed that only
coffee consumption (odds ratio [OR] 0.6; 95% confidence interval [CI] 0.4-0.9), smoking
(OR0.7,95% CI10.6-0.9), physical activity (OR 0.8, 95% CI 0.7-0.9), family history of PD (OR
3.2,95% CI 2.2-4.8), dyspepsia (OR 1.8,95% CI 1.3-2.4), and exposure to pesticides (OR 2.3,
95% CI1.3-4.2), oils (OR 5.6,95% CI2.3-13.7), metals (OR 2.8, 95% CI 1.5-5.4), and general
anesthesia (OR 6.1, 95% CI 2.9-12.7) were independently associated with PD. There was no
evidence of interaction among risk/protective factors, but cluster analysis identified 4 subtypes
with different risk factor profiles. In group 1, all patients had a family history of PD, while
dyspepsia or exposure to toxic agents was present in 30% of patients. In groups 2 and 3, a family
history of PD was lacking, while exposure to toxic agents (group 2) and dyspepsia (group 3)
played major roles. Group 4 consisted of patients with no risk factors.

Conclusions

This study demonstrated that 9 factors independently modify PD risk by coexisting in the same
patient rather than interacting with others. Our study suggests the need for future preventive
strategies aimed at reducing the coexistence of different risk factors within the same participant.
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Glossary

CI = confidence interval; NSAID = nonsteroidal anti-inflammatory drug; OR = odds ratio; PD = Parkinson disease; RERI =

relative excess risk due to interaction.

A number of previous studies have investigated potential risk
and protective factors of Parkinson disease (PD). Although a
few factors have been consistently found to reduce or increase
PD risk, there is no agreement on most factors that have been
investigated."” This inconsistency may depend on several
methodologic limitations affecting the epidemiologic plausi-
bility of reported results. These limitations include a variable
sample source (there may be a differential association of risk
factors in different geographic regions), variable sample size
affecting study power (a small sample size may not confi-
dently exclude the contribution of factors unassociated with
the outcome or significance bias due to small-study effects),
and heterogeneity of the effect size (large differences may be
due to differences in exposure assessment or the frequency of
exposed control groups). Finally, the lack of simultaneous
assessment of a wide range of factors in the same population
precludes the assessment and definitive exclusion of potential
confounding effects exerted by untested variables.

Although case-control studies may be limited by recall and
cause-and-effect biases, the case-control design represents a
powerful methodology to challenge most of the aforemen-
tioned methodologic issues in a timely manner. We therefore
designed a large case-control study aimed at simultaneously
evaluating several environmental and lifestyle factors, as well
as comorbid conditions and drugs, that may be modifiable
protective or risk factors of PD. The recruited population was
large enough to provide satisfactory study power for the in-
vestigated factors and allow the simultaneous assessment of
confounding factors among all study variables. With this ap-
proach, we aimed to enhance current knowledge of PD risk
factors by identifying some factors as independent modifiable
predictive factors of PD, measuring and comparing their rel-
ative effect size, and investigating whether risk/protective
factors interact to modify PD risk. In addition, we aimed to
evaluate the distribution of risk factors in patients with PD,
thus identifying etiologic subtypes of PD as determined with a
cluster analysis approach.

Methods

Cases were enrolled from among consecutive outpatients with
PD who attended follow-up visits at the movement disorders
clinic of 6 neurology departments from September 2018 to
September 2019.

PD was diagnosed by senior neurologists who were experts in
movement disorders according to published standard
criteria.”* Patients with a diagnosis of monogenic PD were
excluded. Healthy controls were recruited among from the
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relatives of neurologic outpatients without PD who visited
participating outpatient neurology departments during the
study period. Healthy controls were frequency-matched to
cases by S-year age stratum, sex, and referral center. Potential
controls were excluded if they had received treatment with
drugs known to induce parkinsonism or were related to a case
involved in the study. Cases and controls were not informed
of the study hypothesis.

Standard protocol approval, registration, and
patient consent

The study received approval from the local ethics committee
on human experimentation (Sapienza University of Rome
Ethics Committee, No. 4734). Written informed consent was
obtained from all patients participating in the study (consent
for research).

Definition of variables

Potential risk factors investigated in the present study were
chosen through a systematic database search on PubMed to
identify the totality of controlled studies examining factors
investigated as potential risk factors of PD. Articles were ex-
cluded from analysis for any of the following reasons: (1) they
were in a language other than English; (2) the disease studied
was not specifically designated as PD; or (3) the mentioned
studies were uncontrolled. The search strategy used the key
words “Parkinson’s disease” and “risk factor” or “protective
factor” or “environmental” or “education” or “occupation” or
“smoking” or “coffee” or “physical activity” or “comorbidities”
or “surgery” or “head trauma” or “infections” or “diabetes
mellitus” or “hypertension” or “cancer” or “cataract” or “gout”
or “nonsteroidal anti-inflammatory agents” (NSAIDs) or
“solvents” or “pesticides” or “oils” or “metals” or “paints” or
“toxic agents” or “rural living” or “agricultural activity” or “oral
contraceptives” or “drugs”. We systematically evaluated each
single controlled study examining associations of endogenous
and exogenous factors with PD. The full text of potentially
eligible articles was closely examined independently by 2 in-
vestigators (G.D., R.P). Factors potentially associated with
PD according to current literature were included in a semi-
structured questionnaire (table 1).

Data collection

A semistructured questionnaire was administered to all cases
and controls enrolled in the study. The questionnaire in-
cluded information on demographic features, lifestyle factors,
physical activity, comorbid conditions, and exposure to toxic
substances and drugs previously suggested to be involved in
PD development. The questionnaire was administered in
person by a medical interviewer in each center. To maximize
interpersonal and intrapersonal reliability, interviewers
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Table 1 Results of univariable logistic regression analysis in 694 case patients with PD and 640 controls

Variables

No. of cases, %

(n missing information)

No. of controls, %

(n missing information)

Odds ratio (95%
confidence interval)

Endogenous factors

Family history of PD

132, 19% (0)

45, 7% (10)

3.05(2.13-4.36)

Coffee ever drinkers

569, 82% (0)

568, 89% (0)

0.58 (0.42-0.79)

Coffee cups per day

3+33

1.6+1.2

0.72(0.69-0.67)

Smoking ever smokers

317,46% (1)

335, 53% (6)

0.73(0.63-0.85)

Smoking pack-years

12.3+20.7

9.4+18.8

0.99 (0.98-0.99)

Physical activity slight vs moderate/substantial

328, 50% (37)

375, 63% (40)

0.78 (0.67-0.91)

Bottled water

487,70% (1)

459, 73% (11)

0.89(0.78-1.03)

Environmental factors

Exposure to toxics

220, 32% (1)

88, 14% (12)

2.8(2.1-3.7)

Agricultural activity/rural living 39, 6% (0) 23, 4% (19) 1.55 (0.91-2.62)
Pesticides 61,9% (1) 24, 3% (20) 2.99 (1.8-5.1)
oils 40, 6% (1) 9, 1% (20) 4.7 (2.2-10.1)
Plastics 14, 2% (1) 7,1% (21) 1.7 (0.71-4.01)
Paints 47,7% (1) 22, 4% (20) 2.2(1.3-3.38)
Solvents 48, 7% (1) 27, 4% (19) 1.7 (1.01-2.7)
Metals 44, 6% (1) 14, 2% (21) 3.1(1.7-5.5)

Comorbid conditions

Cancer

71, 10% (0)

47, 8% (38)

1.35(0.91-1.98)

Diabetes mellitus

73, 10% (0)

67, 10% (1)

1(0.71-1.42)

Head injury

48, 7% (0)

21, 6% (38)

2.06 (1.22-3.47)

High blood pressure

309, 45% (0)

272, 43% (1)

1.08 (0.87-1.35)

Dyspepsia 196, 28% (0) 123, 19% (0) 1.65 (1.28-2.13)
Helicobacter pylori 46, 7% (0) 23,4% (0) 1.9 (1.14-3.18)

Dysthyroidism 64, 9% (0) 72, 11% (0) 0.8 (0.56-1.14)

Gout 16, 2% (0) 14, 2% (2) 1.05 (0.51-2.17)
Irritable bowel syndrome 77, 11% (0) 55, 9% (0) 1.02 (0.89-1.44)
Cataract 156, 22% (0) 90, 14% (1) 1.77 (1.33-2.35)
Hepatitis C Virus infections 20, 3% (0) 10, 2% (0) 1.87 (0.87-4.02)
Other viral infections 91, 13% (19) 35, 6% (8) 2.65(1.71-3.99)

Drugs
Statins 134, 21% (53) 124, 20% (8) 1.08 (0.82-1.42)

Nonsteroidal anti-inflammatory drugs

136, 21% (50)

145, 30% (159)

0.89 (0.68-1.16)

Anti-gout 38, 6% (54) 37, 6% (10) 1.01 (0.63-1.61)
Oral contraceptives 29, 5% (54) 38, 6% (7) 0.74 (0.45-1.22)
General anesthetics 62, 9% (0) 19,3% (17) 3.1(1.8-5.3)
Beta-agonists 14, 2% (0) 22, 3% (0) 0.6 (0.3-1.1)
Abbreviation: PD = Parkinson disease.
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received training before the study. The questionnaire assessed
the presence of possible risk/protective factors by interview-
ing patients about the entire life period preceding PD onset.
Controls were interviewed about the same pre-exposure pe-
riod as their matched cases.

The questionnaire first collected data on demographic fea-
tures (age, sex, age at motor symptom onset, years of
schooling) and family history of parkinsonism (first-degree
relatives only). In history taking, we collected demographic
(including age) and clinical information on all first-degree
relatives. In most cases, participants were able to provide re-
liable information on first-degree relatives. First-degree rela-
tives were considered to be affected by parkinsonism only if at
least 1 other family member provided adequate information
(medical report) or one of the investigators personally saw the
secondary case. Moreover, participants were asked about their
job according to the questions already used in a previous
population case-control study.” Lifestyle factors investigated
included cigarette smoking, coffee consumption, bottled wa-
ter drinking, and physical activity. Smoking and coffee habits
were investigated according to a semistructured questionnaire
already used in previous studies on dystonia.’ Questions on
coffee consumption and cigarette smoking referred to the
period preceding PD onset. Participants were classified as
never having smoked or drunk (nonsmokers/nondrinkers).
Participants were asked about their physical activity before
developing PD. Seventeen physical activities were selected
and converted into metabolic equivalents of task according to
the Pate model.”®

Previous head or facial trauma (with or without loss of
consciousness) that was severe enough to require medical
attention but no major surgery was assessed. Other comor-
bid conditions (including cancer, arterial hypertension,
anemia, diabetes mellitus, gout, viral infections, dyspepsia,
Helicobacter pylori infection, and dysthyroidism) were in-
cluded in the questionnaire. To investigate the presence of
dyspepsia, we asked participants whether they had post-
prandial fullness, early satiety, epigastric pain, or epigastric
burning.9 Similarly, patients were asked about surgical pro-
cedures they underwent before PD diagnosis. Self-reported
information on medical history was supported by medical
records or detailed reports of specific treatments. Exposure
to drugs. including NSAIDs, estrogen, oral contraceptives,
statins, 2-adrenoreceptor agonists/antagonists. and general
anesthesia, was assessed. Information on the type and timing
of medication exposure was obtained through patient in-
terviews and by examining medical reports. For each drug,
we obtained information on the year of the first adminis-
tration and the duration of use.

We also assessed occupational exposure to pesticides or
processes involving oils, metals, solvents, and paints.
According to a previous study,” participants were asked about
possible workplace exposure to any chemicals, including sol-
vents, oils, plastics, paints, metals, or pesticides.

Neurology.org/N

Factors that did not play a role as protective or risk factors
according to previous studies were not assessed in the ques-
tionnaire. Moreover, factors that were considered premotor
symptoms according to the Braak model'® such as depression,
constipation, and REM sleep behavior disorder were not in-
cluded. Premorbid personality traits, stressful events, mag-
netic fields, genetic factors, and biomarkers were also
excluded because they are not clearly detectable with a sem-
istructured questionnaire. Conversely, dietary factors were
included in the questionnaire but were analyzed separately.
Ethnicity was included in the questionnaire, although we did
not analyze this factor because all participants were White and
from Italy.

Data analysis

Data cleaning was performed before the data analysis con-
sidering both range and consistence checks. A standard sta-
tistical package (STATA 11; StataCorp, College Station, TX)
was used for analyses. Data were expressed as a percentage or
mean * SD, and groups were compared by means of the x”
and ¢ tests and 1-way analysis of variance with the Newman-
Keuls post hoc test as appropriate. The association of study
variables with outcome was first evaluated by univariate re-
gression analysis, and odds ratios (ORs), 2-sided 95% confi-
dence intervals (95% CIs), and p values (likelihood ratio
statistic) were calculated. Most exposure variables were rep-
resented in the model by a single indicator variable (1 if the
participant was exposed; 0 if not); otherwise, variables were
included in the models as continuous variables (age, years of
schooling). Case and control records containing missing in-
formation were excluded from analysis. To check for type II
error, the statistical power relative to each variable was
assessed by the equation for a case-control study with an
unequal case/control ratio.'!

Multivariate analysis was performed after including all study
variables in the initial model. As a rule of thumb, the rec-
ommended participant-to-variable ratio usually considers the
assessment of 10 to 15 patient/control pairs for each assessed
variable. Therefore, the recruitment target of >600 cases and
controls allowed us to theoretically test >30 variables. After
fitting the model containing all selected variables, we deleted
the unimportant variables and fitted a new model. The im-
portance of variables was assessed by examining the signifi-
cance of each p value and comparing the estimated ORs from
the new and old models."* This process of deleting, refitting,
and verifying continued until it yielded a model containing
only essential variables (main-effects model). Estimates were
adjusted for age, sex, years of education, and referral center.
To exclude collinearity problems, we examined the correla-
tion coeflicient for each pair of selected independent variables.
No correlation coefficient near +1 was found.

Thereafter, we tested interactions on the additive scale by
estimating the relative excess risk due to interaction (RERI).
We focused on additive interaction because this parameter is
usually considered more suitable for case-control studies. To
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obtain the RERI and its 95% CI, we followed the STATA code
to estimate additive interaction. Because the interpretation of
additive interaction indices is appropriate only for risk factors,
we reversed the coding associated with coffee, smoking, and
physical activity before calculating the RERI.

Nonhierarchical (k-means) cluster analysis using the Jaccard
method for categorical data was performed on patients with
PD for 2-, 3, and 4-cluster solutions."*'* The variables con-
sidered for cluster analysis were selected from among those
included in the main-effects model resulting from multivariate
analysis and included family history of PD, dyspepsia, and
exposure to toxic substances and general anesthesia. The
Calinski/Harabasz pseudo-F index (stopping rule)'* was es-
timated to determine the optimal number of clusters: the
higher the Calinski/Harabasz pseudo-F index value, the more
distinct the clustering. To test the usefulness of the subgroup
classification, we investigated any association between clusters
with variables not included within the cluster analysis such as
age, sex, age at disease onset, disease duration, and protective
lifestyle factors such as coffee consumption, cigarette smok-
ing, and physical activity. Post hoc comparisons of the sub-
groups generated by cluster analysis were then performed
with either a between-group analysis of variance or unpaired ¢
tests for continuous variables.

All statistical tests were 2 tailed, and a value of p < 0.05 was
considered statistically significant.

Data availability
Anonymized data will be shared by request from any qualified
investigator.

Results

A total of 694 patients with PD and 640 healthy controls met
the eligibility criteria during the study period and agreed to
take part in the study. Cases and controls were similar in terms
of sex (407 men and 287 women vs 351 men and 289 women,
p = 0.2) but differed significantly in terms of age (67.9 + 9
years vs 64.7 + 10.3 years, p < 0.01) and years of schooling
(112 4.9 vs 12.8 + 4.7, p < 0.01).

Clinical features of patients with PD are reported in table 2.

Univariate analysis

On logistic regression univariate analysis (table 1), family
history of PD, head trauma, dyspepsia, and exposure to pes-
ticides, oils, solvents, paints, metals, chemotherapy, and an-
esthesia were significantly associated with the outcome as risk
factors. Lifestyle factors, including coffee consumption, ciga-
rette smoking, and physical activity, yielded significant inverse
associations with PD. Finally, no statistically significant as-
sociation was found between PD and several comorbid con-
ditions (table 1) or drugs such as NSAIDs, estrogen,
oral contraceptives, statins, and calcium channel blockers

Neurology | Volume 95, Number 18 | November 3, 2020

Table 2 Clinical features of patients with PD

Feature Patients with PD
Age at onset, y 60.7 £9.1
Disease duration, y 7.2+6.3

Hoehn and Yahr score 2.01 £0.75
MDS-UPDRS part Ill score 255+12.9
LEDDs, mg 412+ 214
Tremor dominant, % 41.9%

Abbreviations: LEDDS = levodopa equivalent daily dose; MDS-UPDRS = In-
ternational Parkinson and Movement Disorders Society-sponsored revision
of the Unified Parkinson’s Disease Rating Scale; PD = Parkinson disease.
Disease duration was defined as the time between the date of PD diagnosis
and the date of data collection of the present study

(table 1). The present study had an estimated >95% chance of
detecting a 2-fold modification of the risk of developing PD,
with a = 0.05 (2 sided) for all variables that were not asso-
ciated with PD on univariate analysis except exposure to
plastic. However, exposure to plastic yielded satisfactory study
power (80%) in detecting a 3-fold modification of the risk of
developing PD, with a = 0.05 (2 sided).

Multivariate analysis

The initial model for multivariate analysis included all study
variables. The main-effects model (table 3) included family
history of PD, dyspepsia, and exposure to pesticides, oils, and
metals as independent risk factors and coffee consumption,
cigarette smoking, and physical activity as independent pro-
tective factors of PD.

We also fitted another model that initially contained the
overall variable exposure to toxins rather than separate vari-
ables on exposure to pesticides, oils, solvents, plastics, paints,
and metals. In the resulting final model, the variable exposure
to toxins yielded an OR of 2.4 (95% CI 1.8-3.2; p = 0.003),
while the other estimates remained substantially unchanged
(data not shown).

No relationship was found between the variables selected by
multivariate analysis and the duration of PD as categorized
into 2 levels: >2 and <2 years.

The estimates from the main effects model indicated that
general anesthesia and exposure to oils contributed more to
the risk of developing PD than other investigated factors,
while family history had an intermediate strength.

Additive interaction

No statistically significant additive interaction emerged between
family history of PD and any of the risk and protective factors
selected by multivariate analysis. Likewise, interaction terms
among the identified environmental risk and protective factors
never attained significant RERI values (data not shown).

Neurology.org/N
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Table 3 Results of multivariable logistic regression
analysis in 694 cases with PD and 640 controls
(main-effects model)

Odds ratio
Variable (95% confidence interval)
Family history of PD 3.2(2.2-4.8)
Dyspepsia 1.8(1.3-2.4)
Coffee (ever drinkers) 0.6 (0.4-0.9)
Smoking (ever smokers) 0.7 (0.6-0.9)
Physical activity (slight vs 0.8 (0.7-0.9)
moderate/substantial)
Pesticides 2.3(1.3-4.2)
Oils 5.6 (2.3-13.7)
Metals 2.8 (1.5-5.4)
General anesthetics 6.1(2.9-12.7)

Abbreviation: PD = Parkinson disease.
Estimates were adjusted for age, sex, years of education, and referral center.
McFadden R? = 0.61.

Cluster analysis in patients with PD

The variables included in generating the cluster solution
were the identified risk factors of PD (family history of PD,
dyspepsia, exposure to toxins, and general anesthesia). We
considered models with 2 to 4 clusters. The Calinski/
Harabasz pseudo-F index favored a 4-cluster solution
(Calinski/Harabasz pseudo-F index: 2-cluster solution
177.33, 3-cluster solution 330.46, 4-cluster solution 411.15).
When we performed k-means cluster analysis using the op-
timum number of clusters previously determined, the
resulting 4 groups contained 132 patients (group 1), 175
patients (group 2), 127 patients (group 3), and 259 patients

(group 4).

Regarding variables included in generating the cluster solu-
tion (table 4), all 132 patients in group 1 reported a family
history of PD. These patients also reported dyspepsia (29%),
toxin exposure (34%), and general anesthesia exposure
(7.6%). In the remaining 3 groups, no patients reported a
family history of PD. In group 2, toxin exposure was reported

by all 175 patients, dyspepsia by 54 patients (31%), and
general anesthesia exposure by 15 patients (8.6%). In group 3,
dyspepsia was reported by 103 of 127 patients (81%) and
general anesthesia exposure by 36 of 127 patients (28%),
while no participant in this group reported toxin exposure.
Finally, group 4 contained only patients who did not report
any of the investigated factors.

Regarding variables not included in the cluster analysis (table 5),
no differences were observed between the 4 groups in terms of
age, sex, age at PD onset, and frequency of lifestyle protective
factors such as coffee consumption, cigarette smoking, and
physical activity.

Discussion

The first result of our study was that the simultaneous as-
sessment of 31 putative risk/protective factors of PD showed
that family history of PD, dyspepsia, and exposure to pesti-
cides, oils, metals, and general anesthesia were independent
risk factors of PD, whereas coffee consumption, smoking,
and physical activity were independent protective factors of
PD. Conversely, our analysis did not assign any risk-
modifying role to several factors, including bottled water
drinking, agricultural activity/rural living, exposure to sol-
vents and paints, cancer, diabetes mellitus, head injury, high
blood pressure, dyspepsia, Helicobacter pylori, dysthyroid-
ism, gout, irritable bowel syndrome, cataracts, hepatitis C
virus infections, other viral infections, statins, NSAIDs,
antigout drugs, oral contraceptives, p-agonists, and chemo-
therapy. Despite the large sample size, interaction analysis
did not disclose significant interactions between any of the
factors significantly associated with PD. Nevertheless, clus-
ter analysis showed that multiple risk factors could be pre-
sent in the same group of patients, even though a consistent
proportion of patients lacked any risk factor.

This study has several strengths. Even if a possible selection
bias due to the hospital-based design cannot be entirely ruled
out, it is important to underline that the data obtained in our
sample are consistent with data reported in the literature
from population-based case-control studies and cohort
studies. The sample size was large enough to provide

Table 4 Association of clusters with variables (risk factors) included in the cluster analysis

Group 1 Group 2 Group 3 Group 4
Variable (n=132) (n=175) (n=127) (n =259) p Value
Patients with PD with family history of PD, n (%) 132 (100) 0 0 0 <0.0001
Patients with PD with dyspepsia, n (%) 38 (29) 54 (31) 103 (81) 0 <0.0001
Patients with PD with exposure to toxics, n (%) 45 (34) 175 (100) 0 0 <0.0001
Patients with PD with exposure to general anesthetics, n (%) 10 (7.6) 15(8.6) 36 (28) 0 <0.0001

Abbreviation: PD = Parkinson disease.
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Table 5 Association of clusters with variables not included in the cluster analysis

Variable Group 1(n=132) Group 2 (n =175) Group 3 (n =127) Group 4 (n = 259) p Value
Age, mean +SD, y 65.9+9.3 69.5 + 8.1 68.3+8.8 67.6+9.5 0.28
Male, n (%) 78 (29) 117 (31) 64 (81) 147 0.29
Age at PD onset, mean +SD, y 58.8 +8.7 62.5+9.1 61.1+79 60.1 £ 10.1 0.34
Coffee, n patients (%) 113(86) 141 (81) 107 (84) 207 (80) 0.46
Cigarette smoking, n patients (%) 71 (54) 102 (58) 72 (57) 138 (53) 0.73
Physical activity, n patients (%) 81 (61) 112 (64) 74 (58) 181 (70) 0.13

Abbreviation: PD = Parkinson disease.
p values were from x? test, and 1-way analysis of variance as appropriate.

satisfactory study power for all investigated variables, thus
confidently supporting the lack of a risk-modifying role for
factors excluded by the main-effects model. Recruited pa-
tients were relatively homogeneous in terms of geographic
origin and ethnicity, which excluded the differential associ-
ation of risk factors due to different geographic regions. In
this regard, it is worth noting that estimates were also ad-
justed for recruiting center. The simultaneous assessment of
31 risk factors in the same sample by multivariate analysis
allowed us to limit possible confounding due to the putative
association of several factors with PD and to provide a rel-
ative estimation of the effect size. In addition, the results of
multivariate analysis disclosed that the 9 factors significantly
associated with PD had a level of significance higher than the
standard 0.05, allowing us to exclude possible significance
bias. Overall, these methodologic strengths support the
validity of our findings.

The 9 factors found to be associated with PD have the bi-
ological plausibility to potentially prevent or induce PD
development. The neuroprotective role of cigarette smoking
and coffee consumption may be related to the marked effects
exerted by nicotine and caffeine on the CNS, as suggested by
animal models.">">"'” Physical exercise has been associated
with neuroprotective and neurorestorative effects in the
nigrostriatal dopaminergic system in animals.'® > The as-
sociation between PD and toxic agents is consistent with
animal models showing that the active metabolite of
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine, the structure
of which is similar to that of the herbicide paraquat, is in-
volved in the pathogenesis of a subacute form of
parkinsonism."* A growing body of evidence suggests that
the prodromal phases of PD begin in the gut and are related
to peripheral inflammatory/immune responses.zof22 Dys-
pepsia may reflect gut inflammation that triggers peripheral
pathologic processes that lead to PD development. Alter-
natively, it is possible that dyspepsia represents a prodromal
nonmotor symptom of the PD clinical spectrum and is part
of the disease rather than an actual risk factor for PD. The
relationship between family history of PD and PD de-
velopment may depend on either a common genetic
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substrate that predisposes patients to PD development or a
family aggregation that implies that members of the same
family are exposed to the same environmental conditions.
The association between PD and general anesthesia may
reflect either a direct effect of these drugs on the CNS or a
consequence of the stress of major surgery.

While 9 factors were found to be significantly associated with
PD, we did not find any association between PD and the other
factors investigated. Previous studies have reported conflict-
ing results on most of the factors we examined; therefore, it is
not surprising that we failed to find an association between
these factors and PD. Conversely, a few factors that have been
consistently reported to be risk factors of PD"* had no effect
on PD development in our population. Because we obtained a
sufficient power and sample size for each factor examined, we
can exclude that the lack of association we found was a result
of methodologic issues. It is more likely that this finding was
dependent on our simultaneous assessment that allowed us to
perform multivariate analysis to determine only the protective
and risk factors that act independently on PD. For instance,
previous case-control studies assessing only 1 or a few factors
together have suggested that head injury is a risk factor for
PD,**** but studies that performed multivariate analysis have
excluded this hypothesis.25 Similarly, in our population, uni-
variate analysis showed a significant association between PD
and head injury, which was not confirmed with our large
multivariate analysis.

A further result of the study was that the 9 risk/protective
factors identified did not interact with each other. Although
several authors have previously investigated the possible
profile of risk/protective factors of PD, only a few previous
studies have investigated the possible interactions between
PD risk/protective factors. Recently, Kim et al?® investigated
possible interactions between protective factors of PD, in-
cluding physical activity, coffee consumption, cigarette
smoking, and family history of PD, and observed only 2 sig-
nificant interactions (between family history of PD and caf-
feine consumption in men and between caffeine consumption
and physical activity in women). We believe that the lack of
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significant interactions we found does not necessarily exclude
the coexistence of different risk or protective factors, as sup-
ported by the results of cluster analysis.

A further result of our study was that cluster analysis showed
4 different subtypes of patients in our population. In group
1, all patients had a family history of PD, while both dys-
pepsia and exposure to toxic agents were present in 30% of
participants. In groups 2 and 3, a family history of PD was
not present as a risk factor, while exposure to toxic agents
(group 2) and dyspepsia (group 3) played a major role.
Finally, group 4 consisted of patients with no risk/protective
factors. The 4 groups did not differ in terms of age, sex, and
age at onset. In our patients, OR values demonstrate that the
genetic substrate provided by a family history of PD had a
lower risk power than environmental factors. Accordingly,
group 1 demonstrates that to develop the disease, a family
history of PD needs to be combined with other risk factors.
This is in line with a recent study performed by Kim et al.,*®
who suggested that the presence of multiple protective
factors reduces the risk of PD independently from the in-
teractions between factors. Similarly, we observed that the
risk score in group 1 was due to the coexistence of different
risk factors rather than to the interaction between them. In
group 2 some environmental risk factors (toxic substances)
and in group 3 some endogenous risk factors (dyspepsia)
with a high-risk power may induce the disease without a
relevant contribution of other factors. Group 4, which was
the largest group identified by cluster analysis, included
patients with no PD risk factors. For these patients, un-
known genetic and environmental risk factors or random
molecular events that have a certain probability of initiating
a process of a-synuclein misfolding and prion-like propa-
gation may intervene in determining PD without a genetic
predisposition or toxic stimulus. The presence of 4 different
etiologic PD subtypes suggests that what is lumped together
as PD may result from different combinations of risk factors.
In addition, the upstream pathogenesis of the disease pro-
cess may differ among patients, with implications for pre-
symptomatic testing, neuroprotective treatment, and
behavior-based prevention.

A further interesting result of our study was that the distri-
bution of protective factors (cigarette smoking, coffee con-
sumption, and physical activity) was similar in the 4 groups of
patients with PD identified by cluster analysis. This would
suggest that protective factors exert their effects in-
dependently of PD etiology and perhaps through contrasting
neurodegenerative processes. In line with this hypothesis, it
has been observed that coffee consumption and physical ac-
tivity also exert a protective role against Alzheimer disease
development.”’

The present study has some methodologic limitations. To
enroll a large number of participants, we used consecutive
nonrandom sampling, a cost- and time-effective selection
method that may nevertheless introduce selection bias.
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However, the alternative random-selection method also has
several limitations. Because this approach is expensive and
time-consuming, it can also be affected by sample selection
bias, especially in studies with a multicenter design. It must be
noted, however, that the demographic and clinical features of
our study population were similar to those of the general PD
population, as shown in table 2. The case-control design may
result in recall and cause-and-effect bias. In particular, because
PD is a chronic long-lasting disease with a prodromal phase of
prolonged duration, recall bias may be present. A further
possible limitation of our study was that cases and controls
differed in terms of age. This difference was <5 years and was
therefore consistent with our objective to include cases and
controls with a 5-year age stratum. To avoid a possible con-
founding effect of age on our results, multivariate analysis was
adjusted for age. Finally, regarding the association between
PD and comorbid conditions, it is important to point out that
some of the clinical conditions examined in the study such as
Helicobacter pylori may often be underdiagnosed, thus po-
tentially influencing our results.

The present case-control study based on the simultaneous
assessment of a large number of risk and protective factors of
PD demonstrated that coffee consumption, smoking, physical
activity, family history of PD, dyspepsia, and exposure to
pesticides, oils, metals, and general anesthesia are associated
with disease onset. Risk factors may increase PD risk by
coexisting in the same participant rather than interacting with
others, while protective factors act independently of the eti-
ologic subtype. Our study suggests the need for future pre-
ventive strategies aimed at reducing the coexistence of
different risk factors within the same participant.
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